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Abstract- Mechatronics system should provide operated motion of the end-effector overcoming variable 
loading at constant input power of a drive. Adaptive mechatronics system is characterized by function of 
a mismatch of input and output displacements. Input displacement is constant on time and is set by 
displacement of the engine. Output displacement is determined by an adaptive transfer mechanism, 
depends on output loading and is a variable in real-time mode. The mismatch of displacements determines 
control function of mechatronic system. 
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I. INTRODUCTION 
Subject of research is the mechatronics system 
which provides an operated motion of an end-
effector (for example, hand of manipulator). 
Adaptive mechatronics system should provide 
overcoming of a variable output technological 
loading at constant input power of an engine. In 
adaptive system the drive power on minimum and on 
maximum loading is identical, but output speed of 
motion depends on loading. The drive power of 
adaptive system corresponds to minimum loading 
and the maximal speed. It will be much less of drive 
power of usual system calculated on a maximum 
loading and a maximal speed. Adaptive 
mechatronics system is characterized by function of 
a mismatch of input and output displacements. Input 
displacement is set by displacement of the engine. 
Output displacement is determined by an adaptive 
transfer mechanism and depends on output loading. 
Input displacement is constant on time. Output 
displacement is a variable in real-time mode. The 
mismatch of displacements defines control function 
of adaptive mechatronics system. 
The drive of adaptive mechatronics system should 
contain an adaptive transfer mechanism which at 
constant input power provides variable speed of 
motion of an output end-effector depending on 
loading on it [1, 2, 3]. 
Adaptation in a drive is reached only due to 
properties of a transfer mechanism with two degrees 
of freedom and with the imposed differential 
constraint. Reception of effect of force adaptation 
does not demand control. 
The adaptive drive is capable to provide smoothness 
of operation of system as in the adaptive mechanism 
with two degrees of freedom adaptation to variable 
loading due to adequate change of speed of motion 
takes place at absence of a rigid constraint between 
the engine and an executive end-effector.  
However adaptive drives in mechatronics systems 
practically are not used, for the following reasons: 
1) Adaptive drive demands to use a transfer 
mechanism with a variable transfer ratio that can 
complicate considerably a construction of system, its 
weight and dimensions, together with control of it. 
2) Till now the motion control is developed only for 
drives with a rigid kinematic constraint (that is for 
drives with one degree of freedom). 
It is supposed expedient to use in mechatronics 
systems the compact adaptive drives with two 
degrees of freedom, possessing property of 
independent adaptation to variable loading due to 
properties of the mechanism. 
It is necessary to develop constructions of drives for 
practical realization of this idea and principles of a 
motion control of system at absence of rigid 
constraint between the drive and an effector. Such 
control system should be intended only for 
registration of the real motion of an effector and 
correction of this motion according to the set 
program in real time.  
The present paper is devoted to development of the 
theory adaptive mechatronics system and system of 
its control. 
In the paper the principles of creation of adaptive 
mechatronics systems are developed, their motion is 
analyzed, power of a drive in conditions of 
adaptation is determined and the control system is 
developed. 
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Research is executed on the basis of use of laws of 
mechanics and the theory of control. 
II. ADAPTIVE MECHATRONICS SYSTEM 
Adaptive mechatronics system (fig. 1) contains an 
adaptive drive and a control system. The adaptive 
drive includes the engine 1 (for example, in the form 
of an actuator), an end-effector 2 and a transfer 
mechanism 3 with two degrees of freedom, 
providing a displacement of an effector 2 concerning 
a stock of actuator 1 under operation of variable 
force of resistance. Such transfer mechanism can be 
modeled as a spring of compression.  
The control system works as follows. The logger of 
driving of the drive (the input logger) 4 fixes 
(reflects) program driving a rod of the drive 1 in real 
time. The logger of driving of the transfer 
mechanism (the output logger) 5 fixes (reflects) 
program driving an effector 2 in real time. The 
control system transmits on the channel of a 
feedback a signal from the output logger 5 in the 
processor. The processor compares with signals of 
input and output loggers and works out a command 
of correction of the drive motion in real time. In 
each subsequent slice of time the drive receives the 
next program signal corrected by a signal of a 
feedback through a control system. As a result the 
executor 5 will strictly execute the ordered program 
motion in real time at absence of a rigid drive 
connection between the drive 1 and an effector. 
The control system of the mechatronics modulus 
includes the logger of the actuator stock 1 motion 
(the input logger) 4, the logger of motion of an 
effector 2 (the output logger) 5, the controller and 
communication system with a feedback. 
 
Figure 1 Adaptive mechatronic system 
During operation an input link 1 (the actuator stock) 
is displaced with constant speed 1v  under action of 
force 1F . The adaptive transfer mechanism 3 
provides the motion of output link 2 with the 
variable speed 2v depending on loading 2R . Thus, 
if 12 FR  , then 12 vv  . 
Constraint between force and kinematic parameters 
of an adaptive transfer mechanism is defined by a 
principle of possible works [1, 2, 3]. For considered 
system  
2211 vRvF   .       (1) 
Or 2112 / RvFv  . This expression characterizes 
effect of force adaptation - at constant input power 
the output speed is in inverse proportional 
dependence on output loading. 
The control system provides a prescribed motion of 
the drive 1 and the executor 2 in real time. 
Reduction ratio of the mechanism  
122112 // FRvvu   .     (2) 
 The reduction ratio of the mechanism depends on a 
variable output resistance force 2R .  
Operation of the transfer adaptive mechanism can be 
imitated by operation of a compression spring which 
at increase in resistance to motion of an effector 2 
leads to reduction of its displacement in comparison 
with displacement of an input link. As is known, 
presence of a spring in mechanical system in the 
elementary case calls the occurrence of the simple 
harmonic oscillates. 
On fig. 2 the prospective kinematic diagrams of 
input 1 and output 2 links to functions from time 
t within the limits of one motion cycle of time T are 
presented: displacements 21, ss , speeds 2,1 vv  and 
accelerations 2,1 aa . Kinematic performances of 
parameters of a link 2 have oscillating character. 
First half of cycle defines the charge of spring which 
imitates an adaptive transfer mechanism; second half 
of cycle corresponds to a discharge of a spring. 
 
Figure 2 Kinematic diagrams of links of a drive 
 Mismatch of displacements of input and output 
links  
21 sss  .       (3) 
Simplicity we shall present rigidity of a spring of 
compression by expression 
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In view of 2112 / ssu   we shall receive 
.0,
1
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ssss  
After substitution of these values in the formula (4) 
we shall receive  
2
1
s
F
c   ,       (5)  
Where 1212 /uss   - set displacement of an end-
effector. 
 Here approximately it is possible to use an average 
reduction ratio 
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 , where max12u  
corresponds to performance of a concrete adaptive 
transfer mechanism ( max12u =3 … 5).  
If to use, max12u then max1221 uss  , 
max1212 uFR  and 
sFRc  /)( 12 21max122max121 /)1(/)1( sFusuF  .  
III. DYNAMICS OF MECHATRONICS 
SYSTEMS 
Let's solve an inverse problem of dynamics: on the 
set forces to determine motion. 
Input data: input force 1F , input speed constv 1 , 
mass of an effector m , factor of abrasion f , the 
output force of resistance 2R depending on position 
(or speeds) an effector 2. 
It is necessary to determine function of position of 
an effector 2 from time: )(22 tss   and time of 
motion T . 
Decision of a problem. 
Let's express force of resistance to motion through 
parameters of motion, using for simplification 
imitation of an adaptive transfer mechanism by a 
spring. 
The transfer mechanism 3 at constant power of the 
drive 111 vFN   provides overcoming variable effort 
2R  on an effector 2 with the speed determined from 
expression (1) 
 212 / RNv  .      (6) 
The mismatch of displacements of an input link 1and 
an output link 2 will take place as a result - force of 
resistance 2R  will call a deflection tvvs )( 21  . 
On an effector 2 the follow forces act: the motive 
force - force of compression of a spring scFs   
(where c - rigidity of a spring, 21 sss  ) and 
force of resistance to motion (for example, force of 
abrasion) 2vfR f  , (where f - high-speed factor 
of abrasion).  
The equations of motion of links 1 and 2 of the 
adaptive drive with two degrees of freedoms look 
like: 
111 smFF s  ,      (7) 
2smRF fs  .      (8) 
From the equation (7) at constsv  11  and 011 sm   
( 1m  -mass of an input link 1) we shall receive 
sFF 1 , 1F  - the input force demanded for motion 
of a drive. 
From the equation (8) we shall receive  
2221 )( smvfssc  .     (9) 
In view of 2211 , svtvs   we shall receive 
2221 )( smsfstvc   . From here  
221
2
2 )( sstvks    ,             (10) 
Where mfmck /,/   - frequencies of motion. 
The decision of the differential equation (10) defines 
function of displacement )(22 tss   and a cycle 
timeT . 
Example. 
Let's solve a specific target of the analysis of an 
adaptive mechanical drive. 
Input data: input force NF 601  , input speed 
smv /1.01  , ms 06.02   - an input displacement 
of an effector 2 at execution of concrete operation, 
mNsm /10 2  mass of an effector 2, 
mNsf /1.0  - high-speed factor of abrasion, 
NR 1202   - an output force of resistance.  
It is necessary to determine function of position of 
the executor 2 from time )(22 tss  and time of cycle 
of motion T . 
Let's evaluate rigidity of the spring imitating a 
transfer mechanism  
06.0/)60120(/)( 212  sFRc mN /1000 . 
Let's evaluate frequencies of motion 
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,1010/1000/ 1 smck
101.010/1.0/  smf .  
Let's bring the equation (10) in an aspect used in the 
computer program «Matlab». For this purpose we 
shall apply substitutions: xtys  ,2 . We shall 
receive 
yyxvky   )( 1
2
.             (11) 
At the set parameters the equation (11) in 
designations «Matlab» is led to an aspect 
yDdsolve 2(  '01.0)1.0(100 Dyyx  . 
 The decision of this equation at the set parameters 
looks like 
 y = –1/10000+1/10*x –1/100*sin (10*x) + 
+1/5000*cos (10*x).             (12) 
The period of one cycle (or half of cycle of full 
oscillation) corresponds to value
21
ss  , or 
0s , that is xxvy 1.01  . 
After substitution of this value in the equation (12) 
we shall find a cycle time sxT 633.0 . 
The equation (12) defines a function of displacement 
of executive organ )(tyy   or )(22 tss  .  
IV. CONCLUSION 
Adaptive mechatronics system allows to execute 
motion of an effector with rather small expenditures 
of power. 
Power of a drive of adaptive system corresponds to 
minimum loading and there will be much less 
powers of the usual system calculated on a 
maximum demand. 
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